In a study of signs and symptoms of lead intoxication in workers in lead processing industries in the Netherlands, use has been made of the apparatus described by Donath (1956) for semiquantitative determination of coproporphyrin excretion. The significance of this method in the screening of exposed groups of workers has been investigated. The method proved to be a valuable tool in the prevention of inorganic lead intoxication. The frequency distribution of coproporphyrinuria in groups of workers indicates the extent of lead exposure. If the average coproporphyrinuria exceeds 15 degrees on the Donath scale there is an increased lead intake. From the frequency distribution of coproporphyrinuria the degree of air pollution with lead and the degree of anaemia due to lead intake may be roughly estimated.
Although the symptomatic occurrence of increased coproporphyrin excretion was established before the beginning of this century, it was a long time before determination of coproporphyrin excretion became a routine screening procedure in the prevention of industrial lead intoxication. Since Vannotti (1937) numerous authors have been of the opinion that coproporphyrinuria is a constant early sign of increased inorganic lead intake. Goldblatt and Goldblatt (1956) , for instance, state that a workman does not suffer from lead intoxication if the coproporphyrin excretion consistently stays within normal limits. A normal coproporphyrinuria is therefore of great significance in evaluating lead exposure.
Increased coproporphyrinuria is a sensitive sign of lead absorption. It occurs very early, before basophilic punctated erythrocytes appear or the haemoglobin decreases. A close correlation with clinical symptoms cannot be established in individuals, presumably because of the extreme sensitivity: a subjectively latent lead intoxication causes an increased coproporphyrinuria long before the haemoglobin value decreases. In groups, however, Pinto, Einert, Roberts, Winn, and Nelson (1952) found a correlation between the occurrence of subjective symptoms and coproporphyrinuria (>400y/ 1.). The same is true for the correlation between urinary excretion of lead and coproporphyrin (Waldman and Seideman, 1950; Johnson and Whitman, 1950; Harrold, Meek, and Padden, 1952; Gupta and Iyer, 1954) . It may even be true that an increase in coproporphyrin excretion occurs earlier than an increase in lead excretion, as observed by the present author in animal experiments (Zielhuis, 1959a) .
Normal values in non-exposed persons have been established by several authors, most of whom accept 200y/1. as the upper limit of normal. Few of these authors, however, suggested "danger-levels" to be used as criteria in the prevention of lead intoxication. Those which are mentioned differ greatly.
Method
One of the difficulties which had to be overcome before determination of coproporphyrin excretion could constitute a routine screening procedure was the need for a less elaborate method of quantitative determination in urine. Only after Hijmans van den Bergh and Grotepass (1933) evolved their semi-quantitative method (estimation of the degree of fluorescence in ultra-violet light after extraction in ether-glacial acetic acid) could the use of increased coproporphyrinuria in the practice of industrial hygiene be accepted. Several semiquantitative methods came into use which were based on Hijmans van den Bergh's method, but in more or less modified form (Wyllie, 1955) . In most cases, however, subjective estimation of the degree of fluorescence (e.g. 0, +, + +, + + +, and so on) made comparison of results an inaccurate procedure. In the Netherlands Institute for Preventive Medicine at Leyden, Donath (1956) constructed an apparatus which made objective 
(5-6) * Owing to frequent transfer it was not possible to make reasonable estimates of the exposure of four of the 81 workers in Factory A.
semi-quantitative determination possible. In this method 10 ml. of recently voided urine are shaken in a test-tube with 2 ml. ether-glacial acetic acid and the fluorescence of the foamy ether layer in ultra-violet light is compared with the fluorescence of eight specially prepared small circular pieces of paper mounted on a rotating disc. The intensity of fluorescence on this scale corresponds with the following logarithmically increasing coproporphyrin concentrations: degree 1: 0-50y/l., 2: 50-lOOy/l., 3: 100-200y/l., 4: 200-400y/l., 5: 400-800y/l., 6: 800-1600y/l., 7: 1600-3000y/l. and 8: 3000-5000y/l. With a minimum of instruction this apparatus can be used to determine the degree of coproporphyrinuria easily and quickly on the factory premises; it yields reliably reproducible results with a negligible variability due to observer error (Donath, 1955) . The urine of at least 30 persons can be examined in half an hour.
The Present Investigation In 112 males not exposed to lead, most of them industrial workers, approximately 70 % showed a coproporphyrinuria degree 1 on the Donath scale (0-50y/l.), 20% degree 2 (50-lOOy/l.), and 10% degree 3 (100-200y/l.). This frequency distribution was presumed to be "normal" and was also consistent with the data in the literature. The "normal" average of this group coprop. ) was 1-4 degrees.
In several investigations in many lead processing factories a total of 513 workers with a varied exposure to lead were examined. In two factories Table it can be seen that workers (n = 20) exposed to less than 0-05 mg. Pb/m.3 never had a coproporphyrinuria >3 on the Donath scale (100-200 y/l.); with increasing lead-in-air concentrations the coproporphyrinuria also increased; except in two cases all the workers (n = 39) with an exposure to >0-15 mg. Pb/m.3 had a coproporphyrinuria >3; and finally there was no increase in coproporphyrinuria with increasing duration of exposure. Table 1 includes only those workers about whom there was a reasonable knowledge of duration and intensity of exposure in the past.
We may disregard the work history and correlate the frequency distribution of coproporphyrinuria in groups of workers of factories A and B with the lead-in-air concentration present at the time of examination. This is done in Fig. 1 , in which a group of workers never occupationally exposed to lead has also been included. In the group exposed to <0-05 mg. Pb/m.3 some workers were included who had recently been transferred from departments with higher exposure, and some of them still showed a moderately increased coproporphyrinuria (cf. Table 1 (Table 2 and Fig. 3 ). The correlation between the percentage with low haemoglobin and raised coproporphyrinuria is high (r=0 91). The frequency distribution of coproporphyrin values therefore gives some indication of the degree of anaemia in the same group of workers. Because in chronic exposure to lead a decrease in haemoglobin usually precedes the occurrence of subjective symptoms, prevention of anaemia is at the same time prevention of manifest intoxication. In non-exposed workers of the same socio-economic status in factories A and B we found 25% with haemoglobin l13-7 g./100 ml. An increase in frequency of low haemoglobin values in exposed groups may be regarded as due to lead intake. From  Fig. 3 it may be concluded that the normal frequency of 25 % is surpassed if the average coproporphyrinuria exceeds 2 to 2-5 on the Donath scale (e.g. 50-lOOy/l.). This value, therefore, may be regarded as the maximum allowable coproporphyrinuria in groups of workers. This maximum allowable average coproporphyrinuria of 2 to 2-5 corresponds to a lead-in-air concentration of about 0-1 mg. Pb/m.3 (Zielhuis, 1959b) , at least under the conditions which prevail in lead pigment industries in the Netherlands.
A coproporphyrinuria of 8 on the Donath scale has never been found, even in manifest intoxication. This probably does not mean that the coproporphyrinuria did not exceed 3000y/l., but that the discrimination between degree 7 and 8 is dubious, because the increase in intensity of fluorescence approaches a horizontal level. A modification of the scale of Donath is therefore suggested: degree 7 may be regarded as coproporphyrinuria >l600y/l. Grinding department workers in lead pigment factories If the coproporphyrinuria values of the group are generally within normal limits or are only slightly increased, no danger of manifest lead intoxication exists, and determination of the number of basophil punctated erythrocytes or haemoglobin is not necessary because disturbance of function (i.e. anaemia) is not likely to take place. If the coproporphyrinuria values, however, exceed the allowable range, individual counting of basophils and haemoglobin is necessary. In that case, the individual values for coproporphyrinuria cannot be the only criteria, as in an individual the degree of coproporphyrinuria does not indicate sufficiently accurately the extent of lead absorption, except in a negative sense: normal coproporphyrin excretion generally indicates absence of increased lead absorption.
